OBJECTIVE-To explore whether treatment with pioglitazone was associated with risk of incident cancer at the 10 most common sites (prostate, female breast, lung/bronchus, endometrial, colon, non-Hodgkin lymphoma [NHL], pancreas, kidney/renal pelvis, rectal, and melanoma).
T he thiazolidinediones (TZDs) bind to the g subtype of peroxisome proliferator-activated receptors (PPARs). Pioglitazone (ACTOS) is a PPARg ligand used in the treatment of type 2 diabetes. It is indicated as an adjunct to diet and exercise to improve glycemic control. It is generally not used as a first-line therapy (1) .
PPARg agonists have been shown to induce apoptosis in several malignant cell lines (2, 3) and to inhibit the invasive activity of colon and breast cancers cells (4) (5) (6) (7) . In contrast, animal toxicity studies have suggested a possible increased cancer risk in multiple organs in association with a wide variety of PPARg and dual PPARa/g agonists (8) . Recent findings suggest that synthetic PPARg ligands may affect cell growth independent of the presence of PPARg (9, 10) . Clinical trial and epidemiologic data on TZDs and cancer risk are limited and results from the few studies conducted to date have been conflicting (11) (12) (13) (14) (15) (16) (17) .
Because of the concern of a possible association between pioglitazone and bladder cancer risk (15) (16) (17) , the European Medicines Agency requested that Takeda, the manufacturer of pioglitazone, undertake an epidemiologic study of pioglitazone use and the risk of cancer at several sites. The authors of this article developed the study protocol, which was approved by the European Medicines Agency. Because we were already conducting a study of pioglitazone use and bladder cancer risk, the aim of this study was to explore whether pioglitazone treatment is associated with the risk of incident cancer at the 10 sites, excluding the bladder, with the highest incidence in the U.S.: prostate, female breast, lung/bronchus, endometrial, colon, non-Hodgkin lymphoma (NHL), pancreas, kidney/renal pelvis, rectal, and melanoma.
RESEARCH DESIGN AND METHODS-The source population was identified from the Kaiser Permanente Northern California (KPNC) Diabetes Registry (18, 19) , which identifies patients from four data sources: primary hospital discharge diagnoses of diabetes, two or more outpatient visit diagnoses of diabetes, any prescription for a diabetesrelated medication, or any record of an abnormal HbA 1c test (.6.7%).
Men and women with diabetes were eligible for the cohort if they met any of the following criteria: 1) were in the KPNC Diabetes Registry, aged $40 years and members of KPNC as of 1 January 1997; 2) were in the diabetes registry, reached age 40 years between 1 January 1997 and 30 June 2005, and were KPNC members on their 40th birthday; or 3) joined KPNC after 1 January 1997 and were aged $40 years when they were identified by the diabetes registry between 1 January 1997 and 30 June 2005.
Individuals were excluded from the cohort if they 1) were ,40 years of age between 1 January 1997 and 30 June 2005; 2) had no KPNC medication benefits at the time of cohort entry (baseline); 3) had a gap in benefits or KPNC membership for $4 months that started in the 4 months following cohort entry; or 4) had evidence in the registry of a cancer diagnosis prior to cohort entry. Each patient's baseline was defined as the date of cohort entry (i.e., the first date that inclusion criteria were met). For all outcomes except pancreatic cancer, followup started 6 months after cohort entry to allow sufficient time for patients to fill at least two prescriptions of diabetes medication. For pancreatic cancer, follow-up began 12 months after cohort entry to minimize an association between the initiation of diabetes medication and incident cancer that was due to prodromic hyperglycemia that often precedes the diagnosis of pancreatic cancer (20) .
Follow-up ended at the first occurrence of one of the following events: 1) a gap of $4 months in either membership or prescription benefits, 2) a diagnosis of site specific cancer, 3) death from any cause, or 4) end of the study (31 December 2005).
We identified all prevalent and incident invasive cancers (for all sites) by linkage with the KPNC Cancer Registry. The KPNC Cancer Registry is a contributor to the Surveillance, Epidemiology, and End Results (SEER) program. All invasive cancers are staged according to SEER guidelines as local, regional, distant, or undetermined.
For all cohort members, we identified all prescriptions for diabetes medications from the pharmacy clinical database. Diabetes medications were categorized as pioglitazone, other TZDs (almost exclusively troglitazone), metformin, insulin, sulfonylureas, and other oral agents (e.g., miglitol, acarbose, nataglinide, repaglinide). Cohort members were categorized as "ever users" of pioglitazone when they had filled two prescriptions for pioglitazone in a 6-month period. Exposure to other diabetes medications was similarly classified. Separate variables were created to indicate never having received any prescriptions for diabetes medication and never having filled at least two prescriptions for the same medication within 6 months.
Time since the initiation of pioglitazone was calculated by counting the interval, in days, since the date of the second pioglitazone prescription. Cumulative duration of pioglitazone use was measured by counting the days supply for each prescription, starting with the first prescription. If the subsequent prescription was filled within 30 days of the expected end date for the previous prescription, we assumed that therapy was uninterrupted. If there were no refills within 30 days of the expected end date of the previous prescription, we assumed a gap in therapy starting 30 days after the date that the previous prescription should have ended. To calculate cumulative dose of pioglitazone, we used any prescription that was dispensed prior to an event date (including the first prescription) and the total prescribed dose (i.e., number of pills in the prescription multiplied by the dose of the pills) was assumed to have been consumed. However, when a prescriptions' days supply extended beyond the date of an event, the total consumed dose was reduced to reflect the cumulative dose consumed by the event date. Information on the confounders shown in Table 1 was obtained from electronic medical records. For smoking, the electronic medical record data were supplemented with data from a postal survey. With the exception of smoking, all confounders were measured using data recorded at or before baseline. In addition, approximately 19% of the cohort had been invited to participate in a postal survey conducted in 1994-1996, which obtained information on the following potential confounders: duration of diabetes, smoking, race/ethnicity, and BMI.
Cox proportional hazards regression models were used to provide point and interval estimates of the relative hazard of the 10 cancers associated with ever use of pioglitazone, time since first use, cumulative duration, and cumulative dose. In all regressions, these measures of pioglitazone exposure, along with measures of other diabetes medications and indicator variables for "never use of any diabetes medication" and "never filled two prescriptions of the same medication within 6 months," were treated as time-dependent covariates with time since cohort entry as the time scale. Specifically, all follow-up time from entry until the date that the patient first met the definition of ever use was attributed to the never use group, and once a patient met the definition of ever use, the patient was considered exposed from that point forward, even if he/she discontinued the medication. The reference group for calculation of the hazard ratios (HRs) associated with ever use of pioglitazone (with or without other diabetes medications) was never use of pioglitazone at that point of time, which by definition included those treated with any diabetes medications other than pioglitazone and those with only dietary therapy.
Analyses of each cancer site were conducted with control for two sets of covariates. Model 1 included the pioglitazone exposure measure, age at cohort entry, use of other diabetes medications, and calendar year of entry into the cohort. Model 2 included all the Model 1 covariates along with sex, race/ethnicity, baseline HbA 1c , diabetes duration, renal function, and history of congestive heart failure. Results in Model 1 and Model 2 were very similar, and as such we report only the results from the fully adjusted models (Models 2). Among women, we ran additional models adjusting for hormone therapy, which was treated as time-varying. All covariates were categorized as shown in Table 1 and included a missing category.
The study was approved by the Kaiser Permanente and University of Pennsylvania Institutional Review Boards.
RESULTS-The characteristics of the study population, by pioglitazone use, are shown in Table 1 . By the end of followup, 26,364 patients had been exposed to pioglitazone. The mean follow-up time for patients who ever used pioglitazone and patients who never used pioglitazone was 2.54 years (range 0.1-6.2) and 3.7 years (0.01-8.5), respectively. There were 9,082 cohort members diagnosed with an incident cancer at 1 or more of the 10 sites of interest, ranging from 373 patients diagnosed with melanoma to 2,105 with prostate cancer. Table 2 Ever use of sulfonylureas and ever use of insulin were associated with an increased risk of pancreatic cancer (HR 2.3 [95% CI 1.7-3.2] and 3.1 [2.4-4.0], respectively), whereas ever use of insulin was associated with a decreased risk of prostate cancer (0.8 [0.7-0.9]). Metformin was not associated with either a decrease or an increase in the risk of the cancers studied; only a small increased risk in pancreatic cancer was observed in association with ever use of metformin.
In general, we saw little evidence of linear trends for time since initiation, duration or dose of pioglitazone use, and risk of cancer at any site (Table 3) . For cancer of the corpus uteri, we did see a statistically significant trend (P = 0.049) of increasing risk with increasing time since initiation of pioglitazone. For NHL, there was a statistically significant trend (P = 0.048) for dose (although the HR for the highest dose was lower than for the intermediate dose). For NHL, the HRs for pioglitazone use initiated 1-2 years prior, 1-2 years of cumulative pioglitazone use, and cumulative dose of pioglitazone of 9,001-25,000 mg were 1.8 (95% CI 1.1-2.9), 1.6 (1.0-2.7), and 1.8 (1.2-2.8), respectively. HRs for longer care.diabetesjournals.org DIABETES CARE, VOLUME 34, APRIL 2011 925 lengths of time since initiation, longer durations of use, and higher dose of pioglitazone were lower, but the number of exposed cases was also small. Compared with never users of pioglitazone, the risk of melanoma was approximately twofold higher among those who initiated pioglitazone therapy 1-2 years prior and among those whose duration of pioglitazone therapy was 1-2 years. HRs for longer times since initiation and duration were lower, although the numbers of exposed cases were small. In order to assess whether our results were biased by incorrectly measuring time since first use, duration, and dose of pioglitazone use among patients who joined KPNC after pioglitazone was first available, analyses were repeated among 180,203 patients who had been KPNC members before 1 January 1997. Therefore, in this analysis only new users of pioglitazone were included in the exposed group. Similar results were observed in this subgroup and in the full cohort in relation to the association of time since first use, duration, and dose of pioglitazone with risk of cancer at each site (data not shown).
We further examine the associations between pioglitazone use and risk of melanoma, NHL, and kidney/renal pelvis cancers by assessing the stage of cancer at diagnosis. Specifically, the distribution of local, regional, distant, or undetermined stages at the diagnosis in patients who ever used pioglitazone and in patients who never used pioglitazone for melanoma was 86, 6, 8, and 0 vs. 85, 6, 5, and 3%, respectively (P = 0.67); for NHL the distribution was 28, 16, 54, and 2 vs. 33, 16, 48, and 3%, respectively (P = 0.88); and for kidney/renal pelvis cancers the distribution was 55, 18, 18, and 9 vs. 58, 19, 21, and 2%, respectively (P = 0.29).
Results were similar among the 117,603 women, both before and after adding use of hormone therapy to the fully adjusted model (data not shown).
Among the 52,331 patients for whom survey data were available on height and weight, diabetes duration, smoking history, and race/ethnicity, inclusion of BMI and other survey variables in the models did not appreciably alter point estimates for the association between ever use of pioglitazone and the risk of cancer (data not shown). OHA, oral hypoglycemic agent. *HRs are adjusted for age, ever use of other diabetes medications, year of cohort entry, sex, race/ethnicity, income, current smoking, baseline HbA 1c , diabetes duration, new diabetes diagnosis, creatinine, and congestive heart failure. †Never use of pioglitazone as reference group. Identical method was used to determine the HR of other diabetes medications.
CONCLUSIONS-We found no suggestion of an association between the use
of pioglitazone and risk of incident cancer at 7 of the 10 sites. There was some suggestion that use of pioglitazone was associated with an increased risk of melanoma and NHL and a decreased risk of the kidney/renal pelvis cancers, but the sizes of the observed risk increases and decreases were small (30%) and the confidence intervals all included unity. In addition, the associations did not increase with extended duration of use, cumulative dose, or time since first use of pioglitazone, which makes a causal association less likely. However, our power was somewhat limited given the relatively small number of cases for NHL, kidney/renal pelvis cancers, and melanoma. Lastly, these possible associations need to be interpreted with caution given the large number of comparisons that were performed in this study. Several limitations should be considered when interpreting our results. Pioglitazone was approved for use in the U.S. in 1999, so there were few prescriptions for this medication in our cohort prior to 2001. Therefore, we were only able to examine recently initiated therapy and short-term use (median 1.6 years) of pioglitazone, albeit with longer use and follow-up than in previously published studies (11) (12) (13) . However, the latency period for many carcinogens is often many years or even decades. It is also possible that there is some residual confounding from some variables we have not measured, and we also lacked complete information on several potentially important confounders for the full cohort. However, in analyses restricted to individuals with information on race/ethnicity, BMI, and diabetes duration, we found little evidence of confounding by these factors. Finally, it is important to consider the possibility that any increased or decreased risk of cancer observed in association with pioglitazone use could in fact be due to other diabetes medications reducing or increasing the cancer risk. Some research has suggested that metformin use is associated with a reduced risk for various cancers (21) , and others have suggested that insulin use might be associated with increased cancer risk (22) . However, we did not observe any significant association between ever use of metformin or insulin and the risk of melanoma, NHL, and kidney/renal pelvis cancer.
There are several major strengths to be noted. First, enrollees of KPNC receive virtually all of their health care from this prepaid, integrated health plan. The care.diabetesjournals.org DIABETES CARE, VOLUME 34, APRIL 2011 927 KPNC Cancer Registry is also well established and as a contributor to SEER, held to high standards of quality. This study is also strengthened by the availability of the KPNC pharmacy database. By requiring two prescriptions within a 6-month period, we have minimized misclassification of unexposed patients as exposed. Previous observational studies (11) (12) (13) 23) of TZD use among diabetic patients and cancer risk addressed only a small number of cancers and had several important limitations, including only very short-term exposure to pioglitazone, no analyses for dose or duration of pioglitazone use, and missing data on important confounders such as race/ethnicity and smoking. Previous studies have not identified signals of increased cancer incidence. In our study, we observed possible weak signals for NHL and melanoma, two cancers that were not examined in the prior studies. We did not confirm the decreased risk of lung cancer and colon or rectal cancer, as was suggested by Govindarajan et al. (12) .
We found no clear evidence of an association between use of pioglitazone and risk of the incident cancer at the sites examined. This study of relatively shortterm use could miss effects that require longer-term exposure or follow-up to become evident. Although the study was conducted in a large cohort of diabetic patients, we had relatively few pioglitazone-exposed cancer cases at most sites, limiting our precision, especially for risk estimates associated with duration, dose, and latency. Studies with longer follow-up are needed before any firm conclusions can be reached regarding pioglitazone and cancer risk. A longer follow-up study in this cohort is ongoing.
